INTRODUCTION {#sec1-1}
============

Shipbuilding relies heavily on welding as a fusion process to join metal pieces at joint faces rendered plastic by heat, pressure of both.\[[@ref1]\] Arc welding (also called shielded metal arc, stick welding\[[@ref2]\]) is the commonest process used; others include metal-inert gas, tungsten-inert gas and submerged arc mainly involving steel, besides also aluminium, galvanised steel, copper and nickel. Welding releases gases and metal fumes, exposure to which may cause respiratory morbidity (RM). However, while some studies describe an association of welding and RM,\[[@ref3]--[@ref13]\] others refute.\[[@ref14]--[@ref17]\] This study examines the prevalence of RM among welders compared to non-welders.

MATERIALS AND METHODS {#sec1-2}
=====================

A cross-sectional study was conducted in 2008-09 involving 276 welders (predominantly engaged in arc welding) and 276 nonwelders working in the shipbuilding industry. All the welders employed in the industry (276) were included while 276 nonwelders were chosen such that they were similar to the welders in terms of age and smoking status. Nonwelders were subjects who were neither involved in nor exposed to welding activity during the course of their work and were comparable to welders in terms of age and socioeconomic status. An interviewer-administered questionnaire was used to record patient details, presence of WRRS (defined as cough, wheeze, chest tightness or shortness of breath any of which reported to be worse at work or improving on rest days\[[@ref9]\]), history of smoking habits,\[[@ref18]\] relevant past history and PPE (facemask) use.

This was followed by spirometric examination by an experienced technician on a regularly calibrated instrument (Schiller Spirovit SP-1) using the standardised procedure prescribed by ATS (1994 update).\[[@ref19]\] Spirometry was performed before the workers began their work-shifts and the highest values of forced vital capacity (FVC) and forced expiratory volume in one second (FEV~1~) were taken from acceptable volume-time and flow-volume curves from three acceptable forced expiratory manoeuvres.

Height closest to one centimetre was measured by the standard method and used for calculation of predicted values by means of reference equations for Indians pre-programmed in the machine. RM was identified and classified based on the proportion that the observed values constituted of those predicted. FEV~1~ \< 80% predicted was classified as obstructive RM, FVC \< 80% predicted indicated restrictive RM while mixed RM was defined as FEV~1~ \< 80% predicted along with FVC \< 80% predicted.

Inferential statistics used included calculation of OR and its 95% CI and two-way ANOVA, the level of significance for which was taken to be *P* value of \<0.05. Informed consent was obtained from all subjects prior to inclusion in the study. The study protocol was approved by the institutional ethics committee.

RESULTS {#sec1-3}
=======

All subjects were males. The welders were comparable to the nonwelders in terms of age, DOE and smoking habit \[[Table 1](#T1){ref-type="table"}\].

###### 

Comparison between welders and nonwelders with respect to relevant factors

![](IJOEM-16-63-g001)

The prevalence of RM on spirometry was found to be greater among welders than the nonwelders (OR = 1.78, 95% CI: 1.20-2.63), a difference which was statistically significant. Obstructive type of RM was found to be predominant and welders were at a significantly higher risk of developing it than were the non-welders (OR = 1.66 (95% CI: 1.10-2.49)) \[[Table 2](#T2){ref-type="table"}\].

###### 

Prevalence of respiratory morbidity among welders and nonwelders
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The welders and non-welders with RM did not differ significantly from each other in terms of mean age or DOE. However, a statistically significant difference was detected for age and DOE between subjects of both groups having the enumerated types of RM \[[Table 3](#T3){ref-type="table"}\].

###### 

Mean age and duration of employment of welders and nonwelders with respiratory morbidity
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WRRS were found to be restricted to the welders with 98 (35%) of them reporting such history. WRRS however, were not found to be significantly associated with RM (OR = 1.69, 95% CI: 1.00-2.84).

Smoking was found to be associated with RM among welders (OR = 1.48, 95% CI: 1.24-1.75) as well as nonwelders (OR = 2.83, 95% CI: 2.26-3.54). The ex-smokers, being a small number, were combined with the smokers for the purpose of calculating OR such that this OR comes to represent the odds of RM in ever-smokers compared to non-smokers.

Consistent PPE use was found to be protective against RM in welders (OR = 0.33, 95% CI: 0.28-0.37). However, only 164 (59%) welders reported consistent use of PPE that was available liberally at the workplace. Of the 112 inconsistent users, 74 (66%) gave the chief reason that the mask was uncomfortable to wear while the remaining 38 said they perceived no need for its use and felt they managed quite well without it.

DISCUSSION {#sec1-4}
==========

The relationship between welding and RM has interested investigators since long, perhaps because of the ambiguity plaguing a seemingly simple and biologically plausible hypothesis that the respiratory hazards of welding cause RM among welders by virtue of their occupation. Ten studies reviewed here,\[[@ref3]--[@ref13]\] of which two are of longitudinal design,\[[@ref10][@ref12]\] one case-control\[[@ref7]\] and the rest cross sectional, report a significant association between welding and RM on spirometry, while four others (one of them longitudinal\[[@ref16]\]) suggest the opposite. This implies that the aetiology of RM in welders is multifactorial and may vary in different settings. The current study revealed that welders have a higher burden of RM on spirometry in comparison to nonwelders, the predominant being the obstructive type.

Association between increasing age and RM have been reported by several authors\[[@ref6][@ref12][@ref13][@ref15][@ref20]\] and that between RM and DOE by others\[[@ref6][@ref9]\] though a case control study by McMillan, *et al*.\[[@ref16]\] did not concur. The present study found that RM is commoner after the fourth decade of life or after 20 years of employment, possibly a cumulative effect in time.

While Bradshaw, *et al*.\[[@ref9]\] observed WRRS to be associated with lower values of FEV~1~, other studies examining the respiratory symptoms in welders, though not specifically classified as work-related, have reported conflicting findings. One reported no association\[[@ref14]\] and two others, a statistically significant relationship.\[[@ref9][@ref11]\] Over-reporting of respiratory symptoms due to awareness of exposure is a possibility while one may also expect some amount of survivor bias to attenuate the number of welders with respiratory symptoms to leave the occupation.

The association of smoking with RM in this study is consistent with results of similar studies\[[@ref9]--[@ref13][@ref15][@ref16][@ref20][@ref21]\] though one study reported otherwise.\[[@ref8]\] The higher OR of nonwelders in our study could be because of the healthy worker effect operating among welders. Consistent use of PPE was found to be protective against RM reinforcing findings of a previous report.\[[@ref10]\]

Though the present study is of cross-sectional design obviating possibilities to explore temporal relations between exposures and outcomes, the association of RM with occupation as a welder, increasing age and DOE, smoking and inconsistent use of PPE has clearly emerged. These findings have been of use in amending of workplace regulation, screening criteria and worker education material in the said industry. The authors recommend similar studies perhaps with greater logistic support (quantifying fume exposures for instance) in settings involving significant welding activity so that authorities may have access to evidence-based recommendations tailor-made to the actual workplace situation.

RM is more prevalent among welders and is related to increasing age, DOE, smoking and inconsistent use of PPE. WRRS are not associated with RM.
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